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Table 4.  Disaggregation cost comparison with flexibility requirement added 

 
Consequences of Revisiting Assumptions 

Assumptions made with respect to launch costs, resiliency requirements, and flexibility 

requirements are important drivers of the cost ramifications of disaggregation.  Rather than 

continuing to assume these three factors are unchanging or unchangeable, the US space 

enterprise should explicitly include excursions to the nominal assumptions for these factors when 

evaluating disaggregation options.   

These excursions are especially critical because the trend in each of these factors favors 

disaggregation.  Launch costs will come down because remaining with ULA as a monopoly 

provider is unsustainable in the current and foreseeable budget environment.  Fortunately, other 

launch options are readily available in the US commercial sector and, if needed, European and 

Russian providers also offer very reliable and low cost launch capabilities.  Resilience is 

increasing in importance as space becomes increasingly congested, contested, and competitive29 

and, absent any disaggregation, the fragility of the US constellations will increase due to 

declining numbers of satellites and DoD programs.30  Flexibility is also increasing in importance 

due to the rapid rate of technological and threat changes, as evidenced by recent urgent “gap-

  Aggregated 
(Baseline) 

Aggregated 
Resilient 
Flexible 

Disaggregated 
Resilient  
Flexible 

w/ SpaceX w/ SpaceX 
# satellites 1 3 6 
Weight per satellite (lbs.) 8,760 8,760 2,190 
Space vehicle NRE cost (FY13$M) 380 760 300 
Space vehicle unit cost (FY13$M) 236 236 83 
# launch vehicles 1 3 4 
Launch vehicle unit cost (FY13$M) 464 54 54 
Total cost (excluding ground and operations) $1.08B $1.63B $1.01B 
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Formal Requirement Changes  

A second important implementation consideration revolves around the issue of how and 

when to document revised requirements for low-cost launch, resilience, and architecture 

flexibility for the programs within each architecture area.  The process for documenting 

requirements for space systems, as for all major DoD acquisition programs, is to use the Joint 

Capabilities Integration and Development System (JCIDS) or Intelligence Community 

Capability Requirements Process,37 as appropriate.  Both processes typically require millions of 

dollars of supporting analysis and document preparation and several years of effort.  Figure 3 

illustrates the JCIDS process.  The reason for raising this topic as an implementation 

consideration is to note that each program contemplating disaggregation should review its 

guiding requirements documents to determine any needed revisions.  In addition and while 

awaiting these JCIDS updates, AFSPC and the NRO should consider publishing policy guidance 

urging or requiring programs to consider and place value in low-cost launch, resilience, and 

flexibility.  For example, a policy could state that all programs shall disaggregate their 

architectures/satellites, competitively procure launch services, meet specified resilience and 

flexibility constraints, and obtain 3-star-level waivers for policy noncompliance.  Such a policy 

would urge programs toward disaggregation while still allowing reasonable waivers. 
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Figure 3.  Joint Capabilities Integration and Development System Process (reprinted from 
Joint Chiefs of Staff, CJCSI 3170.01H, A-1) 
 
Countering Inertia and Self-interest  

Finally, a third implementation consideration is for leaders to recognize that the 

migration toward disaggregated architectures is going to be difficult, politically more than 

technically.  The DoD acquisition system inadvertently favors large, expensive, multi-mission 

platforms such as the current aggregated space architectures.  Three particularly pertinent 

reasons for this phenomenon are: 

1. Contractor profit motives favor complexity and aggregation.  More contractors 

possess the skills and expertise to construct small satellites than to construct large and 

complex satellites, so disaggregation is likely to increase competition and lower profit 

margins.  Adding a payload to an existing satellite, on the other hand, boosts the 

incumbent contractor’s profits without any competition. 

2. Cost overruns result in few if any negative consequences.  The DoD budget process 

usually prioritizes “disconnect” overruns above “initiatives”38 and the DoD rarely 

cancels programs that overrun, even after repeated Nunn-McCurdy breaches.  
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Bureaucracies and contractors strive to increase their budgets and there are very few 

“new starts,” so cost overruns are sometimes the easiest way to increase budget, 

power, and profits.  This motivation is especially strong when combined with cost 

plus contracts and/or program offices that readily award scope-increasing contract 

modifications.  These cost overruns are more common on complex systems. 

3. The budget process encourages aggregation.  Contractors and program offices can 

successfully deflect the inevitable 10-20% budget cut by explaining, if true, that 

cutting even $1 would require cancellation of a very large unit of warfighter 

capability.  Program offices with a few aggregated satellites therefore possess more 

power within the bureaucracy to deflect budget cuts than program offices with a 

larger number of disaggregated satellites, all other factors being equal.  Firm fixed 

price and multi-year contracts, when a contractor and program office can arrange 

them, convey similar power to deflect cuts. 

Countering these powerful incentives and the other inertia of the status quo to oppose 

disaggregation will be difficult.  Once leaders recognize the challenges, though, they can counter 

the bureaucracy’s and contractors’ undesirable natural tendencies by strengthening independent 

government system engineering and cost estimating capabilities, conducting more frequent 

competitions, and shifting some integration responsibilities away from the prime contractor.  

Excellent people behaving with integrity populate the national security space enterprise.  If 

senior leaders are not obtaining the affordable and resilient disaggregation they desire, they must 

1) recognize the incentives they have put in place, and 2) use policy and the checks and balances 

within their organizations to counter and shift those incentives.   
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Acquisition became relatively easy when the money spigot turned on in 2001; that era has 

ended.  Leading the space enterprise through disaggregation and the other changes needed to 

thrive in a period of declining resources will be a challenging endeavor.  To pursue 

disaggregation successfully, leaders within the national security space enterprise must carefully 

consider implementation details relating to budget phasing, formal requirement changes, and 

countering inertia and self-interest. 

Conclusions and Recommendations 

The US should pursue space disaggregation more aggressively.  In addition to the 

well-recognized advantages of resiliency, technology refresh, industrial base, and adaptability, 

many disaggregated architectures could be less expensive than the baseline architectures.  Cost 

advantages will emerge from disaggregated architectures when the US significantly reduces 

launch costs, significantly increases resiliency requirements, and/or values architecture flexibility 

more highly.  All three of these trends favorable to disaggregated architectures are occurring and 

the US could accelerate them to enable cost-effective disaggregation.   

In order to reap the financial benefits of disaggregation, the US should end the ULA 

monopoly on launch.  The monopoly is inconsistent with free-market values and the 

opportunity cost of continuing it may now exceed 75% of $70B through 2030.  The US 

desperately needs those funds for building the satellites themselves.  Switching to competitively 

procured US commercial launch capabilities, backed up by foreign capabilities when needed, 

will dramatically lower the cost of launch and thereby enable disaggregation to be financially 

viable. 

A policy change that would accelerate ending the ULA monopoly would be to include 

launch costs in the budget for the satellite being launched, rather than as a separate line item, and 
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empower each satellite program manager to choose the launch option that is best for his or her 

system.  Doing so would empower program managers to optimally manage risk across their 

entire system and incentivize them to elect less expensive launch options, when appropriate for 

their system, by allowing them to use the resultant savings to improve satellite capabilities.  

When launch becomes a commercial commodity it will no longer make fiscal sense to centrally 

manage it at the MAJCOM or Center level.  Unfortunately, centrally managing launch at the 

MAJCOM and Center levels may slow the commoditization process. 

In addition to lowering launch costs, the US national security space enterprise should 

incorporate resiliency requirements into space architectures.  One simple approach would 

require each architecture to survive the loss of one satellite.  There are many other approaches.  

The important point is that program offices respond to requirements, and if resiliency is not a 

requirement then space architectures are not going to be resilient.  Incorporating resiliency into 

requirements will make disaggregated architectures more financially appealing; it is also the 

right thing to do for space protection. 

The pace at which technology and threats are evolving requires flexibility in US space 

architectures, so the US national security space enterprise should value architecture 

flexibility more highly.  Rather than locking the nation into decades of building only a few large 

and expensive satellites, program offices should assume that some requirements will evolve.  

Doing so will highlight one of the key benefits of disaggregation. 

Finally, the US must recognize that the transition to disaggregated architectures will be 

challenging, politically more than technically.  US space leaders should pay attention to 

implementation details such as budget phasing, formal requirements and policies, and 

countering inertia and other barriers to change.  
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Appendix 1 

This appendix contains the details of the Unmanned Space Vehicle Cost Model (USCM) 

inputs and outputs for the communications disaggregation example used in  Table 1 

through Table 4.  Figure 4 shows the exact inputs used and Figure 5 the exact cost estimates 

generated by the model. 

 
Figure 4.  USCM inputs for communications satellite disaggregation example 
 

WBS Cost Drivers Input 
(Aggregated)

Input 
(Disaggregated)

Units

Structure & 
Thermal
Nonrecurring Structure Subsystem Weight + Thermal Subsystem Weight 5,656 1,414 lbs

Structure/Thermal NR Class (1 = new  development, 0 = modif ied design) 1 1

Recurring Structure Subsystem Weight + Thermal Subsystem Weight 5,656 1,414 lbs

Nonrecurring EPS Subsystem Weight 1,223 306 lbs

EPS NR Class (1 = new  development, 0 = modif ied design) 1 1

Recurring EPS Subsystem Weight 1,223 306 lbs

Agency (1 = Government, 0 = Commercial) 1 1

Nonrecurring ACS Subsystem Weight 615 154 lbs

ACS NR Class (1 = new  development, 0 = modif ied design) 1 1

Recurring ACS Subsystem Weight 615 154 lbs

Agency (1 = Government, 0 = Commercial) 1 1

Nonrecurring Average Propulsion NR Cost 4,250 4,250 FY06$ (K)

Recurring Propulsion Subsystem Weight 528 132 lbs

Agency (1 = Government, 0 = Commercial) 1 1

Nonrecurring TT&C Subsystem Weight 240 60 lbs

Has Transponder (1 = Yes, 0 = No) 1 1

Recurring TT&C Subsystem Weight 240 60 lbs

Agency (1 = Government, 0 = Commercial) 1 1

Nonrecurring Communication Payload Hardw are Subsystem Weight 498 125 lbs

Recurring Communication Payload Hardw are Subsystem Weight 498 125 lbs

Government Program w / Comm Payload operating at EHF or higher (1 = Yes, 0 = No) 1 1

Space Vehicle Total Weight 8,760 2,190 lbs

Communication #1

Attitude Control Subsystem

Propulsion Subsystem

Telemetry, Tracking, and Command Subsystem

Electrical Power Subsystem 
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Figure 5.  USCM outputs for communications satellite disaggregation example 
 
 
 

WBS  NRE  T1  NRE  T1 

Space Vehicle  $     335,338  $     207,858  $     132,168  $     73,585 

SEPM  $       61,100  $       34,787  $       24,082  $     12,315 

Integration and Test  $       23,338  $       13,590  $       10,633  $       6,804 

Spacecraft Bus  $     143,611  $       98,172  $       60,250  $     30,680 

Structure & Thermal  $       48,062  $       32,815  $       21,095  $       9,555 

Electrical Pow er Subsystem  $       17,790  $       17,406  $         5,844  $       5,774 

Attitude Control Subsystem  $       46,052  $       22,596  $       18,625  $       7,642 

Propulsion Subsystem  $         4,155  $       10,487  $         4,155  $       3,527 

Telemetry, Tracking, and Command  $       27,552  $       14,870  $       10,530  $       4,182 

Communication #1  $     107,289  $       61,308  $       37,203  $     23,785 

LOOS  $       23,521  $       5,880 

AGE  $         9,492  $         8,298 

Inflation Factor (FY06 to FY13):

1.133
WBS  NRE  T1  NRE  T1 

Space Vehicle  $     379,938  $     235,503  $     149,747  $     83,371 

FY13$ (K) FY13$ (K)

Aggregated Disaggregated
FY06$ (K) FY06$ (K)

Aggregated Disaggregated
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 Notes 
 
(All notes appear in shortened form.  For full details, see the appropriate entry in the 
bibliography.) 
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